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SUMMARY 
1. The reserves of the bindweed roots analyzed in these 
experiments consisted largely of sucrose and a dextrin-like 
compound or group of compounds. Reducing sugars and true 
starch played less important roles. Acid hydrolyzable sub-
stances were not depleted in starving bindweed roots. Results 
with lead-precipitable gums w~re variable. 
2. Polysaccharide reserves were rapidly depleted in the sur-
face roots (upper foot) with either fallowing or chlorate 
treatments. Sugar levels were more nearly maintained, pre-
sumably by upward translocation from the lower roots. Maxi-
mum percentages of reserves were found in roots 6 to 8 feet 
deep, and these were exhausted only after long continued fal-
lowing. Large plants with deep roots have survived two sea-
sons of fallowing in Iowa. 
3. Totals of either top or root growth of bindweed are not 
large. The maximum weight of roots recorded was 7,200 
pounds an acre to a depth of 17 feet. A few roots extended 
below this level on the soil types present. Total sugar and 
polysaccharide reserves in the roots were less than 600 pounds 
an acre. The persistence of the plant under fallowing is thus 
due to the small quantity of reserves necessary to regenerate 
new growth and to the slow rate of removal from the lower 
roots, rather than to the presence of unusually large quantities 
of reserves. 
4. Chlorate treatments resulted in an immediate drop in root 
reserves which suggested a direct effect of the chemical 
upon respiratory rates or other processes in the treated roots. 
Total nitrogen, which does not decrease with respiration, 
showed a drop in the hllowed plots which paralleled the drop 
in carbohydrates but showed an increase in the chlorate-treat-
ed roots during the first season of treatment. 
5. Diurnal changes in the leaves, stems and roots of bind-
weed plants showed sucrose and the dextrin-starch series of 
polysaccharides to be the important carbohydrates of all tis-
sues in both total quantities and diurnal fluctuations. On 
the basis of analyses of total tissues, the gradients of all of the 
substances assumed to be available for translocation were 
negative in every determination, being lowest in the leaves, in-
termediate in the stems and highest in the roots. 
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Fig. 1. Bindweed in corn. showing habit of growth. 
Fig. 2. Crop reduction by bindweed on dry soi l. At the left, potatoes in western 
Nebraska, 1936. Right , corn in South Dakota , 1934. 
Relation of Root Reserves to 
Control of European Bindweed, 
Convolvulus arvensis L.t 
By A. L. BAKKE, ,V. G. GAESSLER, AND W. E. LOOMIS" 
European or field bindweed was recognized as a serious pest 
in Kansas as early as 1908 (13). Since that time it has spread 
rapidly and has come to be classed as the worst weed of the 
prairie and Great Plains States (12, 13, 21, 25). Patches of 
the weed in Nebraska have spread 13 feet in a year by vegeta-
tive growth, and the roots have penetrated to a depth of 20 
feet (12). Even short sections of the root, carried from in-
fested areas on cultivation machinery, will grow and establish 
new centers of infestation. The plant fruits freely, particular-
ly in moderately dry weather, the seeds may be distributed in 
agricultural seeds or in crop residues, and new seedlings may 
become thoroughly established in a single season. In addition 
hard seeds may persist in the soil for several years and may 
thus reinfest areas which have been freed of the initial weed 
growth. 
The aerial development of the plant is relatively small (fig. 
1), and in seasons of high rainfall crop reductions have not 
been marked. In the favorable season of 1937 corn yields at 
Cherokee, Iowa, were not significantly reduced, only 3.4 ± 4.8 
bushels per acre, but in the dry year of 1934 grain yields at 
Hawarden, Iowa, were reduced 87 percent-to 5 bushels an 
acre-by a moderately heavy bindweed infestation. In a num-
ber of tests in Kansas (25) crop yields were reduced an aver-
age of 45 percent by bindweed infestations, and complete crop 
failures in heavily infested areas are common in the drier 
states (fig. 2). 
Early recommendations for bindweed control (6) were based 
upon fallowing and upon smothering with alfalfa. Whi le tend-
ing to hold the weed in check, such practices have not been 
1 Project 484 of the Iowa Agricultural Experiment Station in cooperation with the 
Divi s ion of Cereal Crops and Diseases, Bureau of Plant Industry, United States 
Department of Agriculture. 
" The author s are indebted to Dr. R. M. Hixon and Dr. 1. E. Melhus, of the Iowa 
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generally successful in eradicating it (18, 21). Kennedy and 
Crafts (10, 11) report that old stands have not been completely 
eliminated by 3 years of clean fallowing. Partial, even 98 per-
cent, elimination of bindweed may be of only temporary value 
because of the speed with which the plants spread vegetative-
ly. Other workers (22, 24) report that fallowing has eradicat-
ed the weed in less than two seasons. Possibly younger stands, 
or different climatic or soil conditions, have favored the treat-
ment in these experiments. 
Latshaw and Zahnley (13) were the first to report the use 
of sodium chlorate on bindweed. Many other workers have 
reported the successful use of this herbicide since Latshaw 
and Zahnley's paper appeared in 1927 (3, 7, 8, 10, 15, 18, 24, 
25). If we overlook the occasional poor control with chlorates 
and the very serious fire hazard (23), we find still that the 
eradication of bindweed with chlorate frequently costs more 
than the land is worth. More effective utilization of fallowing 
and smother cropping appears to be the answer to the problem 
of bindweed control, and, since these treatments depend upon 
st<'lrvation of the perennial roots, a better knowledge of the 
type and variations of the reserves of the plant is needed. 
Although many papers have been published on the relation 
of reserves to the development of perennial crops and weeds 
(1, 9, 16, 17) little work directly applicable to bindweed is 
available. Bioletti (5) observed that the roots of fallowed 
bindweed plants became depleted of starch. Kiesselbach, 
Petersen and Burr (12) found that the nitrogen-free extract of 
the remaining live roots decreased less than 35 percent after 
nearly two seasons of fallowing, while the weight of live roots 
per acre decreased 96 percent. Feed analysis showed, thus, 
only a moderate decrease in reserves, even after the roots had 
been weakened to the point of failing to resprout. Barr (4) 
showed that sugars and true starch were depleted in fallowed 
plots, but residual acid hydrolyzable materials were not affect-
ed. His results showed that depletion was as rapid in plots 
cultivated biweekly as in those cultivated weekly. 
Intensive work on bindweed control ,vas started at the Iowa 
Station in 1930 when a field station was established at 
Hawarden, in the north-western corner of the state. The study 
of reserves in bindweed roots was initiated in 1935 as a coop-
erative project between the Division of Cereal Crops and 
Diseases, of the Bureau of Plant Industry, and the Botany 
and Plant Pathology Section and the Plant Chemistry Sub-
section of the Iowa Agricultlfral Experiment Station. 
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MATERIALS AND METHODS 
The samples for chemical analyses were collected at Ha-
warden, Iowa, or from a tract on the state farm at Cherokee. 
The samples for the main se ries of experiments (tables 4 to 7) 
were taken from two areas on the Scott farm, 3 miles 
northeast of Hawarden, where the soil is a deep Marshall silt 
loam. Two blocks of 16 plots, each 2 rods square, were 
laid out in comparable tracts, both heavily infested with bind-
weed. Four treatments, (a) undisturbed control, (b) fallowed 
at emergence, (c) sodium chlorate spray and (d) millet smoth-
er crop were used with four replications in each of the blocks 
arranged in a Latin square. The experiments were started the 
first week in July of 1935, when the entire area was plowed and 
millet was seeded on the smother crop plots. The fallowed 
plots were cultivated at emergence of the new sprouts for the 
remainder of 1935 and all of 1936. The first chlorate spray was 
applied July 13, 1935, on the tender new growth which appear-
ed after plowing, at the rate of 400 gallons an acre with a 
solution containing 1 pound of sodium chlorate per gallon. 
A second spray, at the same rate, was applied to the chlorate 
plots on September 18, 1935. 
Samples for supplementary studies on reserves of the deeper 
roots, translocation gradients of reserves, fractionation of the 
carbohydrate reserves, etc., were collected at Hawarden in 
1935, and at Cherokee in 1936 and 1937, from areas in which 
bindweed was thoroughly established. The previous treat-
ment of the areas is indicated under the separate experiments. 
COLLECTING AND PRESERVING SAMPLES 
Root samples from the main experiments were dug from a 
rod-square area in the center of each 2-rod-square plot, thus 
leaving a 0 - rod border for all treatments. A strip 1 
foot wide and 1 foot deep was dug across each rod-square 
plot to obtain the surface sample at each sampling date. All 
storage roots and rhizomes were carefully sorted out of the 
soil, washed, dried with a cloth and weighed to obtain total 
yield of roots. A subsoil root sample was collected by digging 
the same I-foot strip to a depth of 30 inches. 
Duplicate samples of each IC!t of roots were placed in cover-
ed weighing bottles for determinations of total moisture, and 
approximately 200 grams were preserved for chemical anal-
yses. A Hixon and Bakke3 portable field drier was used for 
preservation. Air was forced through ducts in a hot water 
tank and then through the samples at a temperature of 60 to 
70° c., drying the tissue to about 8 percent moisture in 3 to 4 
3 Jour. Amer. Soc. Agron . 31 :268·270, 1939. 
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hours. Preliminary tests suggested that a more rapid killing 
to stop enzyme action in the tissues would be desirable, and 
the practice of steaming all samples before drying was adopt-
eel. The data of table 1 indicate that the steaming- was desir-
able and that it was possible to obtain results with preserva-
tion by steaming and drying which were comparable to killing 
in boiling alcohol in preventing objectionable changes in the 
reserve fractions. Some hydrolysis of sucrose occurred in the 
samples steamed and dried, but there were no changes in total 
sugar or starch. \Vithout the steaming treatment there was 
a serious loss of reducing substances and an appreciable loss of 
starch. Water-soluble gums and residual acid hydrolyzable 
materials were not affected by the preserving treatment. Un-
less otherwise indicated, the chemical samples were preserved 
by this drying method. 
The samples used for the supplementary studies of the re-
serve fraction (tables 3 and 12) and for studies of diurnal 
changes in the roots were dug in the same way. One hundred-
gram samples of the washed roots were then put into sufficient 
boiling 95 percent ethyl alcohol to give a final concentration of 
80 percent. Leaf and stem samples also were separated, weigh-
ed rapidly and killed in boiling alcohol. 
TABLE 1. CARBOHYDRATES OF BINDWEED ROOTS KILLED BY SPECIFum 
METHODS. DATA ARE PERCENTAGES OF GREEN WEIGHT. 
Preserving method 
Drying at E5· C.------------I Drying after steaming _____ _ 
EIghty percent alcohoL ___ ._ 
Reducing 
sugars 
.94 
1.45 
1.25 
Sucrose 
2.29 
2.34 
2.54 
CHEMICAL ANALYSIES 
Tota l 
sugars 
3.23 
3.79 
3.79 
Starch 
1.99 
2.17 
2.23 
The samples from the treatment plots and the depth series 
were analyzed in the laboratories of the Plant Chemistry Sub-
section at Ames. Official methods (2) were used for moisture 
in the air dry sample, ether extract, crude fiber, ash. total nitro-
gen and nitrogen-free extract. Sugars were extracted from a 
2-gram aliquot of the ground sample with 80 percent alcohol, 
cleared with neutral lead acetate, de-leaded with sodium oxa-
late, hydrolyzed with HCI at 25° C. and total reducing value 
determined by the Shaffer and Hartman method (19). 
Glucose equivalent to the soluble polysaccharides was de-
termined by gelatinizing the residue from the sugar extraction 
at 120°C. for 15 minutes, digesting starch with malt diastase 
and hydrolyzing the filtrate with CHI without clearing. The 
fraction thus includes, in addition to starch and dextrin, all 
gums or hemicelluloses which might be brought into solution 
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by the autoclaving. The reducing value of the neutralized 
extract was determined by the Shaffer-Hartman method. 
The samples killed in boiling 80 percent alcohol were analyz-
ed by a somewhat different procedure. Extraction of sugars 
and soluble nitrogen was completed with 80 percent alcohol. 
Free reducing substances were determined by a modification of 
the Munson-Walker and Bertrand methods (14), sucrose was 
in verted with invertase and determined by the same methods. 
The residue was ground to 200-mesh in a ball mill and extract-
ed seven times with cold 10 percent alcohol to remove dextrins. 
The dextrin extract was cleared with neutral lead acetate, and 
the reducing value after hydrolysis was determined for aliquots 
of both the dextrin filtrate and the lead precipitate. The lat-
ter fraction, consisting of water-soluble, lead-precipitable poly-
saccharides, is called "gums." The residue from the dextrin 
extraction was gelatinized in a boiling water bath and hydro-
lyzed with fresh saliva until negative tests for starch were ob-
tained with iodine. The starch digest was then extracted 
three times with cold water, cleared and handled like the 
dextrin extract and precipitate. The samples from the fallow-
ed plot gave negative iodine tests for starch at all times but 
still showed 0.2 percent "starch" by this method. The clear-
ing precipitate from the starcl~ extraction gave approximately 
the same reducing value, and we consider that these fractions 
represent dextrin and gums brought into solution by the 
gelatinizing treatment. The residue from the starch extraction 
was hydrolyzed with 1 + 10 Hel and tested for insoluble acid 
hydrolyzable substances. 
CALCULATION OF RESULTS 
The percentage of moisture in the field samples was deter-
mined, as stated above, by drying duplicate portions of the 
sample at 100° C. The main sample was then shipped to Ames 
for chemical analysis, and a second moisture determination 
was made to permit correction for the approximately 6 percent 
hygroscopic moisture present in the air dry sample. With 
these data it was possible to calculate determinations to both 
oven dry and original green weight bases. The percentage of 
dry matter in the roots as dug normally increased with ad-
vancing season and with depth, and decreased sharply with 
chlorate and fallow treatments (table 2). In the samples dug 
Aug. 20 to 27, 1936, for example, the percentage of dry matter 
in the samples from the various treatments varied from 37 per-
cent for the control to 16 and 17 percent for the fallow and 
chlorate treatments. 
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TABLE 2. PERCENTAGES OF DRY MATTER IN BINDWEED ROOT SAMl'LES. 
Sample numbers Control I Chlorated Fallowed 
and dates I Surface I Subsoil I Surface I Subsoil I Surface I Subsoil 
1935 
1 July 16-25 ____ _ 
2 July 29-Aug. 8 
3 Aug. 12-23 ____ _ 
4 Aug. 26-Sept. 5 5 Sept. 9-19 __ __ _ _ 
6 Sept. 23-23 ____ _ 
1936 
1 May 5-15 
2 June 2-11 __ __ _ _ 
3 July 2-14 _____ _ 
4 July 23-28 ____ _ 
5 Aug. 4-11 _____ _ 
6 Aug. 20-27 ____ _ 
7 Sept. 1-11 ____ _ 
8 Sept. 24-0ct. 7 _ 
9 Oct. 15-21 ____ _ 
26.6 
30.0 
29.4 
31.2 
31.5 
32.9 
27.6 
33.5 
39.2 
37.8 
38.0 
36.8 
28.2 
28.9 
32.8 
28.9 
30.0 
33.6 
35.4 
34.1 
35.5 
29.4 
33.4 
38.7 
38.7 
36.5 
36.7 
32.3 
31.5 
34 .9 
22.5 
21.6 
21.9 
22.4 
24.9 
24.2 
25.7 
19.6 
15.7 
13.8 
11..1 
16.9 
15.5 
18.1 
22.1 
28.9 
25.9 
26.3 
27.8 
28.5 
25.7 
27.1 
22.2 
19.1 
16.9 
13.6 
16.1 
15.5 
18.5 
25.0 
17.8 
17.3 
15.7 
15.3 
16.9 
17.9 
21.1 
18.9 
17_9 
18.8 
17.1 
15.9 
14.7 
15.0 
17.6 
25.9 
24.5 
22.4 
22.4 
23.5 
23.5 
24.3 
24.4 
21.6 
23.2 
21.3 
21.0 
20.9 
21.3 
20.6 
The roots of treated plants were low in percentage of dry 
matter but they had the same specific g:ravi ty and the same 
number of cells per unit of green weight as the controls. Com-
parisons based on percentage of green weight show the 
changes in reserves per cell which is the comparison desired 
here. If percentages of dry weight had been used as the basis 
of comparison for these samples, twice as many of the treated 
roots would have been used for each gram of dry sample, and 
the relative reserves of the treated plants in terms of the 
control would have been double or more than double the actual 
values. Roots do not become pithy and they show minimal 
diurnal changes in moisture content, so that green weight per-
centages reflect with a high degree of accuracy actual changes 
in composition. Unless otherwise indicated all data are ex-
pressed as percentages of the green weight of freshly harvest-
ed tissue. 
VARIABILITY OF THE DATA 
Two types of error are included in the chemical data which 
form the basis of this report: (a) errors of manipulation in 
laboratory analyses, and (b) sampling errors due to sample 
and plot variability. The laboratory error was considerably 
the smaller of the two, being for representative data 0.12 per-
cent of the green weight of the sample in the sugar determina-
tions and 0.37 percent in the polysaccharide determinations. 
The error of the total nitrogen determination was less than 
0.02 percent. These are manipulative errors and were largely 
independent of the percentage of the fraction found. 
A combination of sampling and technique errors was measur-
ed by analyses of 12 samples taken in July, 1937, from a small, 
undisturbed plot at Cherokee. The analytical data together 
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TABLE 3. ANALYSES OF REPLICATE SAMPLES OF BINDWEED ROOTS TO 
SHOW VARIABILITY. DATA ARE PERCENTAGES OF GREEN WEIGHT. 
Sample \ R.ducing I \ \ \ \ Polysac- \ Total 
number sugars I Sucrose "Dextrin" "Starch" "Gum" charides nitrogen 
1 0.85 2.52 2.94 
---
1.08 
---
6.45 
2 0.76 2.36 2.40 0.67 1.27 4.34 0.46 
3 0.73 2.46 3.07 0.59 1.22 4.88 0.46 
4 0.85 2.61 2.97 0.55 1.26 4.78 0.47 
5 0.91 2.88 2.56 1.27 1.37 5.20 0.47 
6 0.82 2.80 2.52 0.90 1.27 4.69 0.47 
7 0.83 2.89 2.31 1.10 1.60 5.01 0.47 
8 0.81 2.84 2.67 0.93 1.32 4.92 9.46 
9 0.99 2.96 3.39 0.94 1.36 5.69 0.49 
10 0.70 2.71 
I 
3.67 0.78 1.22 5.67 0.46 
IJ 0.85 2.73 2.55 1.24 1.24 5.03 0.49 
12 0.91 2.77 2.90 1.18 1.24 5.32 0.47 
Average 
---
0.84 2.71 2.83 0.92 1.29 5.05 0.47 
Standard 
deviat ion 
--
0.081 0.187 0.41 0.257 0.124 0.405 0.012 
Coefficient 
of 
variability 9.6 6.9 I 14.5 27.9 9.6 S.O 2.6 
with the standard deviations oE the averages and the coeffi-
cients of variability are given in table 3. The coefficients of 
variability indicate that sampling errors were not excessive 
when the samples were taken from a single small plot, being, 
when combined with killing and analytical errors, only 2.6 per-
cent of total nitrogen,. 7 p.ercent of total sugars and 8 percent 
of total polysaccharides. The latter term represents the sum 
of "dextrin," "starch" and "gums." The low variability of the 
totals and the high variability of the separate determinations, 
particularly starch with a variability coefficient of 28 percent, 
are due to the difficulties of separating dextrin from starch. An 
incomplete dextrin extraction would show as low dextrin and 
high starch, a partial solution of finely ground starch would 
show as high dextrin and low starch; both errors would con-
tribute to the variability of the separate determinations, but 
not to that of the totals. Because of this high experimental 
error no attempt was made to separate dextrin and starch in 
the main series of analyses, and the 8 percent value for "poly-
saccharides" therefore applies to these determinations. 
The samples compared in table 3 were dug from a sing'l(" 
small plot and represent minimum variation in sampling. The 
samples used in the main study of reserves were dug in 
some cases from four and in other cases from eight plots which 
might be separated by several yards and show different densi-
ties of infestation. To mea~ure variation under the experi-
mental conditions, analyses made on the samples dug between 
Sept. 23 and Sept. 28, 1935, representing the last collection of 
the first season's work, were studied in detail (20). Thirty-
two samples, representing surface and subsoil roots of four 
treatments with four replications each were analyzed in dupli-
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cate. The standard deviation was greater than 12 percent of 
the measured average values in only one series, the polysac-
charides of the subsoil roots. Such a total variability, with 
eight determinations from four samples averaged for each 
value, makes differences of 15 percent significant and differ-
ences of 23 percent highly significant. In general an analysis 
of 6.0 percent of the green weight of the plant tissue may 
be considered to be significantly greater than 5.0 percent, or 
0.48 percent to be greater than 0.40 percent, etc. 
THE RESERVES OF THE BINDWEED PLANT 
The reserves of perennial plants consist of various carbohy-
drate and organic nitrogenous compounds, stored largely in 
parenchyma cells, which can be re-utilized by the plant in new 
development. All observations indicate that the reserves of 
the bindweed are unusually large. Plants have survived 2 
years of intensive cultivation in our experiments, and Kennedy 
and Crafts (10) report that large plants have survived 3 years 
of intensive fallowing. In one experiment performed by the 
senior author, a bindweed infested area was excavated to a 
depth of 4 feet and refilled with bindweed free soil. The plants 
reappeared some 15 months later, having grown through the 
4 feet of soil on reserves present in the lower roots. In a 
repetition of the experiment in a year when subsoil moisture 
was higher, the plants grew to the surface in 3 months. 
THE RESERVES OF CONTROL AND TREATED 
BINDWEED ROOTS 
Several thousand chemical determinations have been made 
in a systematic study of the reserves of bindweed roots from 
Hawarden in northwestern Iowa. The details of treatments 
and analytical methods have been given above. The summar-
ized results are given in tabular and graphic form for the 
three groups, sugars, polysaccharides and nitrogen, and the 
three treatments, control, fallow and sodium chlorate. A fourth 
series of plots was seeded with millet as a smother crop, but 
a poor stand of millet was obtained in both years of the experi-
ment, and the growth and reserves of the bindweed were not 
markedly reduced by the treatment. 
Bindweed treatments were started in July, 1935, when fal-
lowing was begun, and the chlorated plots were sprayed at the 
rate of 400 gallons an acre witp a solution containing 1 pound 
of sodium chlorate per gallon. Treatments on the fallowed 
plots consisted of cultivating the plots with a garden cultivator 
as often as bindweed shoots appeared at the surface. Thirty-
three cultivations were made between July 13 and the end of 
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the growing season on Sept. 27. Fallowing was continued on 
the same plots in 1936, but, because of the slower emergence of 
the partially starved plants, only 31 cultivations were required 
during the entire season. The chlorated plots received a sec-
ond spray at the rate of 400 pounds of sodium chlorate an acre 
on Sept. 18, 1935, a total of 800 pounds an acre, and were left 
untreated during 1936. Samples were collected at semi-monthly 
intervals in 1935 and at monthly intervals in 1936. 
Two identical series of plots were laid out in nearby infested 
areas and given identical treatments. Chemical samples were 
collected from only one of the series, designated as G-l, in 
1935, and from both G-l and G-2 in 1936, except on two dates 
when the supply of roots from the G-l area ran low. On seven 
dates in 1936 samples were collected from the entire 32 plots, 
and the results from the eight closely agreeing samples, 
analyzed in duplicate, were averaged to obtain the data given 
in the tables and figures. Toward the end of 1936 the yield of 
roots from the chlorated and fallowed plots was so low that 
it was necessary to composite some of these samples to obtain 
workable quantities of tissue. 
The extended digging period for each sampling, indicated 
in the tables, was made necessary in part by the drying ap-
paratus which had a capacity of only six to nine samples a day. 
SUGAR RESERVES OF BINDWEED ROOTS 
Total sugar determinations are assembled in table 4 and 
presented graphically in fig. 3. Several points are noteworthy: 
1. Sugar concentrations in the controls increased very rapidly 
after resumption of growth in 1936. 2. Sugar concentrations 
dropped rapidly with both chlorate and fallow treatments and 
more rapidly in the surface foot than in the subsoil 18 inches. 
3. Sugar concentrations remained at a low level in the chlorate 
treated plants until late in 1936 when the surviving plants be-
gan to recover from the effects of the treatment. 
No killing of roots was observed in 1935 with any of the 
treatments, and no record of root yields was kept. In the 
spring of 1936 many dead roots were observed in the chlorated 
plots, and a record of the live roots in 16 cubic feet of suface 
soil or 24 cubic feet of subsoil was kept. These data, calculat-
ed to pounds of live roots pe~ acre, are given in fig. 4. The 
earliest reduction in root weight was obtained in the chlorated 
plots, but the most complete control under the conditions of 
the experiment was obtained in the fallowed plots. If figs. 3 
and 4 are compared it will be observed that dying of roots on 
the fallowed plots became general when the total sugar con-
tent of both the surface and subsoil roots dropped to 1 percent 
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Fig. 3. Total sugars of the bindweed roots from the surface foot (solid lines) and 
subsoil 18 inches (broken lines). 
of the green weight. Roots treated with chlorate died with a 
somewhat higher sugar content. The sharp upturn in the sugar 
content of the chlorated roots, observed in the fall of 1936, 
represented recovery in old roots rather than new growth, for 
TABLE 4. TOTAL SUGAR IN PERCENTAGE OF GREEN WEIGHT OF 
CONTR.OL AND TREATED BINDWEED ROOTS. 
Sample numbers 
and dateJ 
1935 
1 July 16·25* 
----
2 July 29-Aug. 8* 
3 Aug. 12-23* __ __ 
4 Aug. 26-Sept. 5* 
5 Sept.9-19* _____ 
6 Sept. 23-28* ____ 
1936 
1 May 5·15 
------
2 fune 2-11 ------
3 uly 2-14 
------
4 July 23-28 
-----
5 Aug. 4-11* 
-----
6 Aug. 20-27 
-----
7 Sept. 1-11* 
8 Sept. 24-0ct~7---
9 Oct. 15-21 ______ 
Control Chlorated I Fallowed 
I Surface I Subsoil I Surface I Subsoil I Surface I :Subsoil 
I 3.36 3.47 2.34 3.25 1.71 2.72 3.47 3.81 1.44 2.63 1.62 2.21 3.08 4.32 1.31 2.13 1.28 1.82 
3.39 I 3.32 1.45 2.13 1.33 1.57 4.43 4.36 1.88 2.58 1.96 2.74 
4.18 4.27 1.59 2.04 1.72 1.85 
2.80 3.66 1.07 1.93 1.63 2.27 
5.04 4.69 1.62 1.56 1.16 !.I8 
5.70 5.68 1.72 1.34 .91 .97 
5.41 5.85 1.47 1.70 .92 .93 
5.45 5.45 1.33 1.65 1.31 1.34 
4.99 5.27 2.01 1.70 .75 .70 
3.04 4.05 1.83 1.83 1.03 1.08 
4.50 4.10 2.50 2.26 .87 .73 
5.95 5.70 4.42 · 3.95 1.38 .81 
*Samples collected from only one series of plots on these dates. 
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Fig. 4. Yi e ld s of live bindweed roots from th e surface foot (solid lines) and s ubsoil 
18 inches (broken lines) during the second season of treatment. See table 4 for 
samp ling dates. 
fig-. 4 shows no increase in acre yie lds of roots at this time. 
POLYSACCHARIDE RESERVES OF BINDWEED ROOTS 
As we have noted under methods, the polysaccharides of 
these sa mples were obtained by a single determination which 
included the dextrin and starch with the water-soluble gum. 
The summarized data in table 5 and fig. 5 show the very pro-
nounced and rapid drop in polysaccharide reserves which fol-
lowed both fallowing and chlorate treatments. The tops of 
the sprayed plants were only partially destroyed by the July 
spray, and new growth came back slowly, showing the typical 
chlorotic appearance of chlorate treated plants. The amount 
of new growth made by the sprayed plants was apparently 
much less than that on the fallowed plots, yet, when allowance 
is made for the fact that the fallow · treatment was started 
several days b~fore the first chlorate spray, it is apparent that 
destruction of reserves was equally rapid in both treatments. 
During the latter part of 1935 and the first half of the season of 
1936 the chlorated plots showed a weak, chlorotic growth, none 
of which was disturbed. In spite of this aerial development 
there was 110 marked replacement of polysaccharide reserves. 
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TABLE 5. POLYSACCHARIDES OF CONTROL AND TREATED BINDWEED 
ROOTS AS PERCENTAGES OF GREEN WEIGHT. 
Sample numbers Control Chlora ted Fa ll owed 
and dates I Su rface I Subsoil I Surface I Subsoil I Surface I Subsoil 
1935 \ \ 
1 Jul y 16·25* 4.65 4.19 2.59 4.82 1.73 3.76 
2 July 29- Aug. 8'-- 3.44 4.15 .83 1.44 .45 2.33 
3 July 12-23* ____ 2.88 3.69 .59 1.23 .51 1.24 
4 Aug. 26-Sept. 5* 4.22 5.88 1.01 1.97 .47 1.43 
S Sept. 9-19* 
----
4.57 6.05 .97 1.98 .68 1.39 
6 Sept. 23-28* 
---
4.43 6.37 .85 1.61 .76 1.28 
1936 
1 May 5- 15 
--- -- -
1.87 2.43 .86 LOS .80 .81 
2 Jun e 2-11 
----- -
4.99 
I 
5.52 1.02 .57 .66 .78 
3 Jul y 2-14 
------
6.52 7.70 .99 .77 .64 .81 
4 Jul y 23-28 
-----
5.52 7.40 1.12 1.20 .73 .83 
5 Aug. 4·11 ' 
-----
5.51 7.87 1.02 1.24 .84 .80 
6 Aug. 20·27 4.90 6.09 1.56 1.12 .77 .67 
7 Sept. 1·11* ~~~~~ 4.21 I 6.17 1.44 1.44 .93 .84 8 Sept. 24·0ct . 7 2.84 5.25 1.60 1.71 .80 .80 
9 Oct. 15·21 
---- -
3.60 I 4.50 2.20 2.26 .83 .73 
* Samples collected from only one series of plots on these dates . 
W e shall show later (fig. 7) that total nitrogen, which is not 
destroyed by resp iration, did not show this early and rapid 
drop. Th e data are strongly suggestive of a stimulation of oxi-
dation or other reactions within the chlorate treated roots 
which resulted in rapid destruction of reserve foods without at 
first killing the ti ssues. The surv iving roots from the chlorat-
ed plots showed the same recovery in the fa ll of 1936 as was 
indicated by the sugar analyses ( table 4). 
Several other points are noteworthy: 1. Depletion of the 
reserves of th e first foot preceded by 2 to 4 weeks the corres-
ponding depletion in the subsoil samples. We shall show 
later that depletion of the root reserves at still deeper levels 
did not reach important proportions until the middle o£ the 
second season of fallowing . 2. The very marked over-winter 
and early spring loss of 50 to 60 percent of the polysaccharride 
reserve and the rapid recovery in the spring of 1936 are of par-
ticttlar practical significance. Treatments of which the effec-
tiveness depend s upon deplet ion of reserves should be started 
before the plants have recovered from these losses. Possibly 
the valu e of late fall applications of chI orates may be due to 
their tendency to accentuate this drop as well as to the slower 
destruction of chlorate in cool soils (15 ). 
Polvsaccharid e reserve levels reached minimum valu es in 
the s l~rface sam ples of the fa ll owed plots at the second sam- , 
pIing, and subsoil samples reached minimum in the spring of 
the second year. Dying of th e roots, however, did not become 
general until the fourth samp ling of 1936 (fig. 4). Polysaccha-
ride reserves of the surface and subsoil roots thus show no 
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point comparable to the 1 percent level of total sugar, which 
may be correlated with the death of the roots. Presumably 
the polysaccharides of the upper roots were used early, as 
shown by the curves of fig. 5, and sugar concentrations were 
then maintained above critical levels by digestion and upward 
translocation of reserves stored in the lower parts of the 
roots, critical sugar concentrations being reached only after 
the deeper reserves were depleted. In a later section we shall 
show that nearly half of the reserves of bindweed may lie be-
low the level s studied in thi s experiment. 
The tendency toward higher percentages of polysaccharides 
in the lower roots of untreated plants, shown in fig. 5, par-
ticularly in the dry year of 1936, will be shown later to increase 
progressively with depth until percentages of 12 to 14 percent 
have been found at the 6 to 8-foot levels. 
TOTAL CARBOHYDRATE RESERVES OF BINDWEED ROOTS 
The data of tables 4 and 5 are combined for table 6 and fig. 6 
to give the best available estimation of the total reserves of the 
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Fig. 5. Polysaccharides of the bindweed roots from the surface foot (solid lines) 
and subsoi l 18 inches (broken lines) during two seasons. 
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and subsoil 18 inches (broken lines) during two seasons. 
bindweed plants in the Hawarden experiment. The conclu-
sions drawn from the polysaccharide data are supported by the 
TABLE 6. TOTAL CARBOHYDRATES OF CONTROL AND TREATElJ 
BINDWEED ROOTS AS PERCENTAGES OF GREEN WEIGHT. 
Control Chlorated Fallowed Sample numbers 
and dates 1 Surface 1 Subsoil 1 Surface I Subsoil I Surface I !;ubso il 
1935 \ \ \ I 
\ 
1 July 16-25* ____ 8.01 7.66 4.93 8.07 3.44 6.48 
2 July 29-Aug. 8* 6.91 7.96 2.27 4.07 2.07 4.54 
3 July 12-23* 5.96 8.01 1.90 3.36 1.79 3.06 
4 Aug. 26-Sept. 5' 7.61 9.20 2.46 4.10 1.80 3.00 
5 Sept. 9-19' ---- 9.00 10.41 2.85 4.56 2.64 4.13 
6 Sept. 23-28' 
---
8.61 10.64 2.44 3.65 2.48 3.13 
1936 
1 May 5-15 ----- - 4.67 6.09 1.93 2.98 2.43 3.08 
2 June 2-11 ------ 10.03 10.21 2.64 2.13 1.82 1.96 
3 July 2-14 ---- -- 12.22 13.38 2.71 2. 11 1.55 1.78 
4 July 23-28 ----- 10.93 13.25 2.59 2.90 1.65 1.76 
5 Aug. 4-11* ----- 10.96 13.32 2.35 2.89 2.15 2.14 
6 Aug. 20-27 9.89 11.36 3.57 2.82 1.52 1.37 
7 Sept. 1-11* _____ 7.25 10.22 3.27 3.27 1.96 1.92 
8 Sept. 24-0ct . ., 7.34 9.35 4.10 3.97 1.67 1.53 
9 Oct. 15-21 
---
9.55 10.20 6.62 6.21 2.21 1.54 
*Samples collected from only one senes of plots on these da tes. 
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data for total reserves, particularly the rapid drop under the 
chlorate treatment, the sharp overwinter reduction and very 
rapid recovery after new spring growth was· estab)ished, and 
the recovery of the remaining roots on the chlorated plots as 
the effects of the treatment disappeared in the fall of 1936. 
The reserves constitute a much smaller percentage of the 
weight of the roots than might have been expected. On a dry 
weight basis (compare table 2) the low for the reserves of the 
surface roots of the control was 17 percent in May of 1936, 
reaching a high of only 31 percent in July of the same year. In 
the early July (1936) sampling the reserves of the surface 
roots of the fallowed plots were 8.7 percent of the dry weight. 
On the green weight basis the controls had 7.9 times the re-
serves of the fallowed roots, but the utilization of reserves had 
so reduced the dry weight of the fallowed roots as to make 
the ratio of reserves 3.6 to 1 on a dry basis instead of 7.9 to 1. 
NITROGENOUS RESERVES OF BINDWEED ROOTS 
Total nitrogen was determined by the Kjeldahl method, and 
the data are presented in table 7 and fig. 7. Such determina-
tions do not distinguish between stored, colloidal nitrogen 
precipitable by 80 percent ethyl alcohol, and digested or 
alcohol soluble nitrogen; neither do they exclude accumula-
tions of inorganic nitrogen which might have been present and 
have varied with treatments, being perhaps accumulated in the 
roots of treated plants. Tests on comparable samples have in-
dicated, however, that little inorganic nitrogen may be ex-
pected in bindweed roots and that both colloidal and non-
colloidal nitrogen were reduced in the fallowed plants. 
The data suggest a minimal percentage of nitrogen of around 
0.4 percent of the green weight. When nitrogen percentages 
in both surface and subsoil samples dropped to this level the 
roots began to die. Like carbohydrate starvation, nitrogen 
starvation was affected by the reserves of the deeper roots 
which will be shown later to have been high and to have been 
depleted only by long continued fallowing. The nitrogen 
curves for the chlorate treated plants are interesting and sug-
gest that nitrogen depletion, in contrast to that of carbohy-
drates, was not directly affected by the chlorate treatment. 
During 1935, chlorate treatments did not reduce nitrogen per-
centa!?,·es below the controls although fallowing resulted in 
marked reductions. In the spring of 1936 weak sprout growth 
on the chlorated plants resulted in a rapid loss of nitrogen. In 
the fall of 1936 nitrogen reserves were built up in the roots sur-
viving the chemical treatment, and these roots might have 
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been expected to have recovered fu lly the following year as 
the residual effects of the chlorate in the soil disappeared. 
TABLE 7. TOTAL NITROGEN OF CONTROL AND TREATED BINDWEED 
ROOTS AS PERCENTAGES OF GREEN WEIGHT. 
Control Chlorated Fallowed Sample numbers 
and dates I Surface I Subsoil I Surface 1 Subsoil I Surface I Subsoil 
1935 
1 July 16·25' ___ _ 
2 July 29-Aug. 8' 
3 Aug. 12·23* ___ _ 
4 Aug. 26-Sept. 5' 
5 Sept. 9-19' 
6 Sept. 23-28' ___ _ 
1936 
1 May 5-15 _____ _ 
2 June 2·11 _____ _ 
3 July 2·14 _____ _ 
4 July 23·28 ____ _ 
5 Aug. 4-11' ____ _ 
6 Aug. 20·27 ____ _ 
7 Sept. I·U· ____ _ 
8 Sept. 24-0ct. 7 
9 Oct. 15-21 __ __ _ 
0.44 
0.53 
0.54 
0.57 
0.59 
0.63 
0.52 
0.52 
0.70 
0.73 
0.80 
0.73 
0.59 
0.54 
0.67 
0.47 
0.51 
0.58 
0.65 
0.62 
0.66 
0.56 
0.56 
0.66 
0.72 
0.72 
0.69 
0.61 
0.53 
0.69 
0.43 
0.~5 
0.49 
0.53 
0.61 
0.59 
0.71 
0.53 
0.59 
0.39 
0.35 
0.41 
0.40 
0.40 
0.54 
0.56 
0.55 
0.56 
0.63 
0.65 
0.61 
0.74 
0.58 
0.49 
0.43 
0.35 
0.39 
0.40 
0.41 
0.55 
' Samples collected from only one series of plots on these dates . 
0.38 
0.35 
0.32 
0.31 
0.34 
0.36 
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0.42 
0.38 
0.41 
0.39 
0.34 
0.31 
0.30 
0.33 
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0.45 
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0.44 
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Fig. 7. Total nitrogen of bindweed roots from the surface foot (solid lines) and 
subsoi l 18 inches (broken lines) during two seasons. 
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MISCELLANEOUS DETERMINATIONS 
Determinations of ether extract, ash, crude fiber and, by dif-
ference, nitrogen-free extract and total carbohydrates including 
crude fiber were made in addition . to the analyses discussed 
above. Ash was determined as a check on completeness of 
removal of soil in the preservation of the samples. 
Percentages of ash, calculated to the original green weight, 
varied erratically between 1.3 and 1.9 percent. The small 
spread indicated that soil inclusion errors could be ignored in 
the calculations of the percentages of reserves. Trends in 1935 
suggested that roots from the fallow plots did not accumulate 
ash during the season, while the roots from the control and 
chlorated plots showed a small accumulation. The data were 
not statistically significant and are omitted to conserve space. 
Crude ether extract determinations were made on all 
samples as a part of the feed analysis sequence. The surface 
samples averaged 0.7 percent on a green weight basis, while 
the subsoil samples averaged 1.1 percent. The crude ether ex-
tract averaged 28 percent less than the control in the surface 
samples of the fallowed plots but showed no differences in the 
other samples. The 28 percent reduction represented only 0.22 
percent of the green weight so that fats do not appear to 
constitute an important reserve in bindweed roots. 
BINDWEED RESERVES UNDER SMOTHER CROPPING 
TREATMENTS 
Smother cropping with cane, alfalfa and other dense, rapidly 
g rowing crops has been recommended for bindweed control 
(6). The effectiveness of such treatments is, of course, de-
pendent upon a reduction of the rate of photosynthesis and of 
the accumulation of reserves in the weeds. If it were shown 
that the percentage of light under a smother crop was below 
th e compensation point for bindweed, that is below the point 
at which photosynthesis is just equal to respiration, we would 
expect the plants to be eliminated as soon as their s tored re-
serves had been exhausted. Unfortunately, light measure-
ments under growing crops, even under densely growing 
species, are likely to show 20 to 30 percent of normal lighting 
instead of the 2 to 5 percent which might be expected to result 
in slow starvation of the bindweed plants. There is also the 
possibility that the depletion of so il moisture by the cover crop 
will throw the bindweed into the dormant condition and thus 
conserve the root reserves of the weed. 
As has been stated previously, the main experiments at 
Hawarden were designed to include a millet smother crop 
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TABLE 8. WEIGHTS OF ROOTS AND PERCENTAGES OF RESERVES AS 
AFFECTED BY SMOTHER CROPPING. DATA ARE FOR 
SURFACE FOOT ONLY. 
Treatment I 
Weight I Analysis-percent gr. wt. I Pounds of 
roots in . Total carbohydrate 
surface ft. Dry Total carbohy- per A. in 
I bs per A rna tter I nitrogen I dra tes surface ft 
Control-A _________ __ ____ _ 
Control-B _______________ _ 
Fallow-.,very 5 days. 2 Yr. 
Fallow-every 5days.l Yr. 
Soybeans-2 yr.-good, 1937 
Soybeans-2 yr.-poor, 1937 Sudan-2 yrs. ____________ _ 
Millet-2 yrs. ____________ _ 
Cane-2 yrs. _____________ _ _ 
Cane-I yr. _______________ _ 
Corn-2 yrs. ______________ _ 
Alfalfa-3-4 yrs. ______ _ 
1700 
2760 
1200 
2820 
2280 
2590 
2380 
1830 
1700 
2720 
2040 
2270 
31.8 
27.0 
19.3 
20.6 
28.4 
30.4 
27.3 
31.4 
25.2 
25.8 
32.8 
31.9 
0.56 
0.60 
0.39 
0.35 
0.69 
0.58 
0.49 
0.69 
0.53 
0.64 
0.57 
0.63 
9.14 
8.96 
I.BO 
3.74 
7.68 
11.16 
7.52 
9.90 
5.73 
6.33 
10.21 
9_03 
155 
247 
22 
105 
175 
289 
179 
181 
97 
173 
208 
205 
treatment, but stands and growth of the millet were so poor 
in both 1935 and 1936 that the analyses from these plots show-
ed little more than the effect of the mid-season preparation in-
cident to the planting of the smother crop. A number of one-
tenth acre srriother crop plots were laid out in the Cherokee 
area in 1936 and some supplementary plots were started in 
1937. Since these plots were intended to give preliminary or 
exploratory results only, they were not replicated, and the 
original bindweed infestation while heavy was not fully uni-
form. Samples were dug from a number of these plots in the 
latter part of September, 1937, to obtain an indication of the 
probable effectiveness of smother cropping in reducing bind-
weed reserves. The results of the analyses are shown in table 
8. The two control samples indicate the variation in yields of 
roots present in the area and show that, with the probable ex-
ception of the plot fallowed for 2 years, the differences in 
weights of roots per acre may be considered to be due to 
sampling variation. The analyses for percentages of carbo-
hydrates in the green roots and pounds of carbodydrates per 
acre show surprisingly little reduction with even the most 
effective smother crops when the roots of the surface foot only 
are considered. The high percentages of carbohydrates under 
the more open crops (corn and poor soybeans) are ascribed to 
water competition which checked the vegetative growth of 
the bindweed without correspondingly reducing carbohydrate 
synthesis. It is doubtful if any of the apparent reductions in 
reserves in the smother crop plots, with the possible exception 
of the plot in cane for 2 years, would prove to be statistically 
significant, although a trend toward lower reserves under the 
more dense cropping is indicated. 
Growth of the smother crops in 1937 was normal and the 
appearance of the tops of the bindweed, under cane and sudan 
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grass for example, suggested a serious injury which was not 
supported by the analyses. Further work with more replica-
tions of treatments and with a study of the reserves of the 
deeper roots will be required to establish the effectiveness of 
smother cropping. The present results indicate either that 
bindweed is able to carryon nearly normal photosynthesis at 
low light intensities, or that growth made early in the season 
before the cover becomes effective is sufficient to maintain the 
semi-dormant plant through the remainder of the year. The 
results suggest that smother cropping alone cannot be depend-
ed upon to eradicate bindweed in Iowa. 
RESERVES OF THE DEEPER ROOTS OF BINDWEED 
The main study of reserves reported above was limited to 
the roots of the upper 30 inches. A number of test holes at 
Hawarden showed that the r09ts penetrated the soil to depths 
of 20 feet and that the deeper roots were filled with reserves 
and capable of normal sprouting when planted near the sur-
face. Six 4 x 4 foot plots were dug at Cherokee, two in 1936 
and four in 1937, to determine the depth of penetration, distri-
bution of root growth, and reserve content of the deeper roots. 
Root yields from the four plots dug in 1937 and from one of 
the 1936 holes which was in the same area are shown in table 
9. Roots were found in recoverable quantities to depths of 
about 15 feet. An average of 40 percent of the roots was found 
below the 24-inch level in the control plots, and total yields of 
roots were 2 to 3 tons an acre or more. The fallowed plot, 
number 27, was cultivated as often as bindweed sprouts emerg-
ed, from May, 1936, through the seasons of 1936 and 1937. 
This plot showed no dead roots when dug in July, 1937, 15 
1110nths after starting the cultivation treatment. The Septem-
ber hole on plot 27 was only 12 feet east of the July digging, 
but the surface roots appeared to have been winterkilled, pos-
sibly because the snow did not lie on this spot. The 170 
pounds of surface roots reported were almost entirely new 
rhizomes growing up from the live roots below. Many dead 
roots were observed throughout this plot, and the yields show 
a decided drop at all depths from the July figures. 
On this soil, and with the infestations involved , there were 
1,000 to 2,000 pounds of roots on an acre below the 30-inch 
level which was studied in the Hawarden experiments. In 
those experiments (figs. 3, 5, 6 and 7) a tendency was observed 
for reserve depletion in the subsoil samples to follow some 
days or weeks after depletion of the upper layers. Chemical 
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TABLE 9. BINDW EED ROOTS I N POUNDS PER ACRE AT DIFFERENT 
DEPTHS (GREEN WEIGHT S). 
P lot 38-Control Plot 27-1'3110wed* 
Sample lev e l 1 Jun e 1936 I Jul y 1937 1 Sep t. 1937 Jul y 1937 1 Sept. 1937 
0· 1 ft . --------------- 1 2760 1·2 _________________ 1710 
1441 144/ 
1272 1956 
144/ I/U 
1044 426 2·3 _______________ ___ 1000 852 1,188 954 450 
3·4 __________________ 522 384 468 828 474 4·5 __________________ 294 324 258 426 186 5·6 __________________ 198 144 210 170 38 6·7 __________________ 120 126 126 45 32 
7·8 __________________ 120 59 ))4 53 19 8·9 __________________ 1 102 
15: :~ ~~~~~~~~~~~~~~~j ~~ )) ·12 _________________ 1 42 
29 
33 Not dug 
35 below 8 ft . 
23 
61 
43 Not dug 
91 below 8 ft. 
64 
g:U ==== ========== ===1 ~~ 15 23 46 21 ;tJ~ ================ =1 ~ 16·17 _________________ 6
Total ________________ 7234 
7 
5293 1795 4772 4200 
"'"Culti vated at e me rgence a ft er Ma y 1936. 
samples w ere saved from the t est areas shown in tabl e 9, al-
though, unfortunately, a shortage of material prevented 
analyses of samples from the lower levels with the exception 
of the 1936 collection from plot 38 (control) in which all ma-
terial below 7 feet was combined into a single sample. The 
analyses are given in table 10. They show clearly the very 
considerable reserves which were present at the 4 to 8-£00t 
level s, with a tendency toward ri sing percentages of both car-
bohydrates and nitrogen until the 8-foot depth was passed. 
If the samples from the control and fallowed plots taken in 
July, 1937, are compared, we find that sugars in the fallowed 
roots were approximately 50 percent of the control in the 
upper level s but were higher than th e control below 4 feet. 
Nitrogen was 70 percent of the control at 0 to 2 fee t but higher 
tha n the control at 4 to 6 feet. Polysaccharides were only 20 
percent of the control in the upper 4 fee t of the fallowed plot , 
but rose to 50 percent at 4 to 6 feet. Obviously the roots of th e 
fallowed plot were being depleted of their reserves from the 
top downward and at a surpri s ingly s low rate when it is con-
sidered that July, 1937, was th e fift eenth month of fa llow treat-
ment for thi s plot. The September sampling of the fall owed 
plot suggest s a very rapid drop in reserves between J ulv and 
September. Possibly a portion of the observed differences 
may have been due t o g rea ter exposure of th e second area, al-
thoug h a very rapid dying of fa llowed root s as the critical 
reserve level is passed has been observed in other cases. 
The difficulties in the control of bindweed arise from th e 
large, exception~1 plant ,wi th a well developed deep storage-
root system, whIch persIst s after the shallower roo ted plants 
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are dead. These plants may reinfest the area, even after two 
full seasons of spraying or fallowing. The data of table 10 
indicate that these plants survive because of their deep-stored 
reserves. Timmons (22) reports eradication of bindweed with 
less than two seasons of fallowing in the shallow-rooted bind-
weed stands of western Kansas where subsoil moisture limits 
rooting depth to 4 or 5 feet, while three seasons of intensive 
fallowing have failed to eliminate all of the plants in deep-
rooted old bindweed stands in California (10). 
The data on deep-stored reserves suggest the importance of 
eradicating bindweed while the stands are still young and be-
fore they develop deep storage roots and the desirability of 
developing preliminary cropping or other treatm_ents which 
will lower the general reserve level of the plants before the 
more intensive fallowing treatments are started. The value 
of starting fallow treatments early in the spring to take ad-
vantage of the overwinter drop in re·serves has been pointed 
out. No data are at hand to determine whether the same drop 
occurs in the lower roots, but at least some overwinter reduc-
tion would be expected here. 
TOTAL RESERVES PER ACRE 
The data of table 9 on weights of roots at various depths in 
plot 38 in June, 1936, and of table 10 on the chemical composi-
TABLE 10. ANALYSES OF CONTROL AND FALLOWED BINDWEED ROOT~ 
FROM VARIOUS DEPTHS. (PERCENTAGES OF GREEN WEIGHT.) 
Dry 
Plot and sample matter 
Plot 38, Control, dug June, 1936. 
0·1 ft. _______________________ 21.5 
1·2 __________________________ 27.0 
2·3 _________________________ 27.0 
3·4 _______ __________________ 28.7 
4·5 __________________________ 32.7 
5·7 __________________________ 30.0 
7-17 _________________________ 27.0 
Plot 38, Control, dug July, 1937 
0·1 ft . _____________________ _ 
1·2 _________________________ _ 
2·3 _________________________ _ 
3·4 _________________________ _ 
4·5 _________________________ _ 
5·8 _______________________ __ _ 
26.0 
26.3 
29.6 
33.1 
33.2 
30.8 
Total 
sugars 
3.06 
3.43 
3.84 
4.40 
4.59 
4.76 
3.02 
2.47 
2.58 
2.80 
2.91 
2.94 
2.97 
Polysac· 
charides 
2.33 
3.41 
6.59 
7.37 
9.07 
11.13 
7.63 
3.73 
5.13 
8.82 
11.91 
12.39 
12.08 
Plot 27, Fallowed at emergence from May, 1936, dug July, 1937 
0·1 __________________________ 1 15.3 1 1.36 0.98 
1-2 __________________________ 19.3 1.29 1.23 
2-3 __________________________ 23.0 2.09 1.60 
3·4 _________________________ 25.0 2.87 2.39 
4-6 __________________________ 25.7 3.70 5.94 
Plot 27, Fallowed; dug Sept., 1937 
9.9 
15.S 
20.2 
0.24 
0.33 
0.46 
0.42 
0.71 
1.03 
Total 
nitrogen 
0.36 
0.49 
0.48 
0.49 
0.54 
0.46 
0.36 
0.53 
0.62 
0.66 
0.75 
0.70 
0.56 
0.38 
0.40 
0.56 
0.70 
0.67 
0.34 
0.49 
0.51 
0·1 
1·2 
2·3 
3·4 
4·5 
5·7 
7·17 
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TABLE 11. TOTAL RESERVES OF BINDWEED ROOTS IN POUNDS 
PER ACRE AT DIFFERENT LEVELS 
Dry Total Polysac· Crude 
Sample level matter sugars chari des protein 
ft. 
-- ---- -- ------ ---- -----
593 84.5 64.3 62.1 
- -- -- -- -- -- -- -- -- -- -- ---- 462 56.9 58.3 52.4 
- -- -- ------ -- -- - --- -- -----
270 38.4 65.9 30.0 
--------- ------ -- ---------
150 23.0 38.5 16.0 
- -- -- -- -- -- -- ---- ------- --
% 13.5 26.6 9.9 
---------------- --------
95 14.7 35.3 8.7 
-- -- -- -- -- -- -- - .-- --- -- ---
170 19.0 48.1 14.2 
Totals 
------------- ---------
1836 250.0 337.0 193.3 
tion of the samples taken at the different levels are combined 
in table 11. The figures for total growth and reserves obtain-
ed are considered to be above average but not exceptional. 
They are not impressive when compared, for example, to the 
same determinations for corn, but, in terms of the slight top 
growth and the low reserve cost of its replacement, they help 
explain the persistence of the plant even under the most effi-
cient fallowing. The quick recovery of the plants after plow-
ing would be expected when it is observed that 87 percent of 
the carbohydrate reserve and 84 percent of the nitrogen re-
serve were below the plow line. More than half of the carbo-
hydrate reserve of these plants was below the 2-foot level. 
THE FRACTIONATION OF RESERVE COMPOUNDS 
In the analyses for reserves reported in tables 4 to 6, time 
and expense considerations forced the adoption of methods 
which preliminary tests had shown to give comparable results 
but which did not attempt to fraction either the sugar or poly-
saccharide materials. Samples for a more detailed study of 
reserves were taken at Cherokee in July, 1937. Twelve 100-
gram samples from an undisturbed bindweed plot and four 
comparable samples from a nearby plot which had been fallow-
ed at emergence since May, 1936, nearly 15 months, were kill-
ed in boiling 80 percent alcohol and analyzed by the special 
methods given above. "Dextrin" was taken as the material 
extractable in cold 10 percent alcohol and not precipitated by 
neutral lead acetate. The extensive grinding in a ball mill, 
necessary for ready extraction of starch with enzymes, may 
have rendered an undetermined portion of the starch soluble 
in the 10 percent alcohol and thus have increased the dextrin 
fraction at the expense of th e starch. Barr (4), in contrast to 
the low starch yields obtained in these analyses, found four 
times as much "starch" as "dextrin" in bindweed roots dug in 
Colorado. The methods in the two series of analyses were 
intended to be identical, and the cause of the variable results is 
not apparent. Microscopic examination of the Cherokee roots 
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TABLE 12. UTILIZATION OF CARBOHYDRATE FRACTIONS 
IN STARVING BINDWEED ROOTS. 
Fraction 
~~~~o~~dU~!~_~_~~_~~~~~_~~~_='=====1 
"Dextrin" ____________________ _ 
"Starch" __________ ____________ _ _ 
"Reserve" carbohydrates _____ 1 
"Total" carbohydrates ________ _ 
Percentage in roots of 
Control I Fallow 
0.84 I 0.22 2.71 0.89 
2.83 0.95 
0.92 0.22 
1.48 
2.64 
7.30 
11.42 
1.43 
3.23 
2.28 
6.94 
Percentage 
utilization 
73.8 
67.2 
66.5 
76.1 
3.3 
-22.3 
68.8 
39.3 
indicated only a moderate accumulation of starch in the roots 
of the control plants and none in the fallowed. 
A summary of the analytical results is given in table 12. 
Sucrose, determined with invertase, was the principal sugar, 
but both sucrose and the free reducing substances were readily 
utilized as reserves, if their decrease in starving roots is accept-
ed as a measure of utilization. Whatever the validity of the 
"dextrin-starch" separation, both fractions appear to be active 
reserves. The utilization of dextrin is again in contrast with 
Barr's data, for he found no apparent utilization of "dextrin." 
The 0.22 percent of "starch" in the fallowed roots, when iodine 
tests showed no starch present, illustrates the difficulty of 
separating the polysaccharide fractions in plant analyses. Pre-
sumably this fraction was composed of dextrin-like gums 
brought into solution during the gelatinization treatment. 
Acid hydrolyzable materials remaining in the tissue after 
'water and diastase extractions were not used as reserves. The 
apparent increase in this fraction on a green weight basis was 
probably due to the survival of the older, larger roots in the 
fallowed plot. The data of table 12 indicate that "~ums" were 
not utilized as reserves and suggest that the main experi-
ments in which gums were not precipitated out may have been 
in error by the total of this fraction. In contrast, however, 
some of the preliminary work on the Hawarden samples indi-
cated that gums were used as reserves in these plants. Several 
samples from the 1935 collections were analyzed for starch and 
dextrin by the official method for starch in the presence of in-
terferring polysaccharides (2, p. 282) in comparison with the 
official diastase method with subsequent acid hydrolysis which 
was used in the main series of analyses. The results are shown 
in table 13. "Gums" constituted an average of 27 percent of 
the polysaccharides obtained by the short method, but there is 
no indication that the percentage of gums increased in the 
treated samples as it should have if the other polysaccharides 
were being depleted and the gums left in the tissues. An in-
direct comparison of gums in control and fallowed plants, 
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TABLE 13. POLYSACCHARIDE DETERMINATIONS ON HAWARDEN 
SAMPLES, 1935, WITH AND WITHOUT THE REMOVAL OF INTl£l{-
FERING POLYSACCHARIDES. DATA ARE PERCENTAGES OF THE 
Sample 
number 
I-A 
2-A 
2-B 
3-A 
3-B 
4-A 
5-A 
5-B 
Plot 
treatment 
Control 
Chlorated 
Chlorated 
Millet 
Millet 
Fallowed 
Millet 
Millet 
AIR-DRY SAMPLES. 
"Gums" 
removed 
15.2 
6.7 
12.3 
6.7 
12.0 
5.6 
4.3 
9.1 
"Gums" 
included 
21.9 
9.7 
17.6 
9.3 
16.1 
8.1 
5.4 
11.3 
I 
I 
I 
I 
Percent 
"gums" 
30.6 
30.9 
30.1 
Zl.9 
25.5 
30.9 
20.3 
19.5 
collected at Hawarden and analyzed by the methods used for 
table 12, suggests, as does table 13, that "gums" were utili zed 
in these samples. Season, soil and possibly strain of plants 
varied, and further work will be required to determine more 
accurately the materials present in the bindweed root and to 
di stinguish between reserves and non-reserves under varying 
conditions. 
DIURNAL CHANGES IN THE RESERVES OF BINDWEED 
Two series of samples were collected at Hawarden in Sep-
tember, 1935, for a study of the relations of photosynthesis and 
translocation to the reserves of bindweed. One series was 
from an area spaded in July and left undisturbed until Sept. 13 
when the samples were dug, and the other was from an area 
planted to corn and dug on Sept. 16. The samples were pre-
served in alcohol and analyzed separately for dextrin and 
starch with gums removed by clearing. The data are present-
ed in table 14. Samples were collected before photosynthesis 
started in the morning and at what was assumed to be the peak 
accumulation of the day at 4:00 p. m. Leaves were separated 
from petioles and stem s, and the roots of the 0 to 12-inch and 
13 to 30-inch layers were analyzed separately. 
The results show first that diffusion gradients from leaves 
to roots were uniformly negative when entire tissues were 
analyzed, that is, the concentrations of the presumably trans-
portable fractions, soluble (in 80 percent alcohol) nitrogen, re-
ducing sugars, sucrose and dextrin were higher in every case 
in the stems than in the leaves and higher in the roots than in 
the stems. Such negative gradients cannot be taken as evi-
dence that phloem gradients are negative, but they do show 
that phloem-tissue equilibria, coupled with positive phloem 
gradients, are absent. In unpublished work with corn the 
junior author has found that carbohydrates, particularly su-
crose, are exported from the leaves in a polar manner against 
steep tissue gradients, and the preliminary data obtained in 
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TABLE 14. CHANGES IN THE RESERVE COMPOUNDS OF BINDWEED 
PLANTS WITH THE DAILY MARCH OF PHOTOSYNTHESIS AND 
TRANSLOCATION. (PERCENTAGES OF GREEN WEIGHT!:>.) 
Series and 
chemical fraction 
Control series 
Soluble nitrogen ________ 
Colloidal nitrogen ______ 
Reducing sugars ________ 
Sucrose __________________ 
Dextrin 
-----------------
Starch 
---- ---------------
Carbohydrates 
----------
Cornfield series 
Soluble nitrogen _______ 
Colloidal nitrogen ______ 
Reducing sugars 
-------
Sucrose 
- --- - --- --- -------
I Leaves I Stems I Surface roots I Subsoil roots 
I 5 a m I 4 P m I 5 a m I 4 P m I 5 a m. I 4 P m. I 5 a.m I 4 p.m. 
0.07 0.08 0.08 0.09 0.14 0.14 0.15 0.14 
0.56 0.70 0.36 0.35 0.26 0.25 0.32 0.27 
0.22 0.25 0.54 0.44 0.73 0.66 0.93 1.08 
0.30 0.96 0.92 1.14 2.54 2.24 2.70 2.28 
0.88 1.24 1.03 1.39 2.58 1.57 2.34 1.97 
0.08 0.21 0.23 0.30 0.59 0.51 0.57 0.59 
- - - - - -
- -
1.48 2.66 2.72 3.27 6.44 5.98 6.54 5.92 
0.08 0.09 0.10 0.74 0.24 0.21 0.31 0.31 
0.47 0.45 0.22 0.27 0.36 0.42 
I 
0.39 0.36 
0.14 0.22 0.81 1.01 1.27 1.30 1.54 1.44 
0.18 0.50 0.95 1.97 3.78 3.68 3.65 3.12 
I 
Dextrin _________________ \ 0.82 \ 1.43 I 1.22 I 1.64 \ 4.46 \ 6.19 \ 4.23 \ 5.01 Starch ___________________ 0.08 0.51 \ 0.16 0.17 1.46 0.77 0.87 0.84 
Carbohydrates __________ 1.22 2.66 3.14 I 4.79 10.97 11.94 10.29 10.41 
this experiment suggest that the same phenomena may occur 
in bindweed. 
Sucrose and the dextrin-starch series of compounds, which 
were shown above to be the principal reserves of the bindweed 
root, were also the fractions showing the most marked diurnal 
fluctuations. The decreases in sucrose, dextrin and total car-
bohydrates of the control roots during the period of photosyn-
thesis indicate rapid translocation in these plants which sti11 
had available moisture for growth, possibly with a lag of ap-
proximately 12 hours or possibly speeded up by the higher day-
time temperatures. The plants in the cornfield were making 
little new growth, and they had accumulated carbohydrate re-
serves to a level nearly twice that of the control plants. The 
cultivation and competition received during the production of a 
corn crop were apparently not injurious to the plants although 
they may be assumed to have reduced the extension of the root 
system. Bakke (3) has emphasized the importance of spray-
ing bindweeds during periods of rapid growth, and the lower 
reserve levels of the rapidly growing control plants in com-
parison with the slower growing plants which were competing 
with the corn crop for moisture, suggest an explanation for 
some of the observed differences. It is interesting to note that 
percentages of total reserves were lower in the rapidly grow-
ing control plots shown in table 14 than in any but the lowest 
of the smother crop treatments shown in table 8. The possi-
bility of stimulating a rapid growth of bindweed as a prelim-
inary treatment to intensive fa110w suggests itself as a supple-
142 
ment or alternative to the use of smother crops. Perhaps a 
winter cover crop of wheat or rye, fertilization and an oc-
casional deep cultivation during the summer will be as effective 
and more economical for the first year of treatment than fre-
quent shallow cultivation. Further work to test such an 
hypothesis will be undertaken. 
DISCUSSION 
The results obtained show that better methods than are 
available are needed for the separations of polysaccharides 
in plant tissues. Even when the samples were ground to 200-
mesh and extracted seven times with cold 10 percent alcohol, 
there was evidence that some of the dextrin fraction was 
found as starch and the possibility that in other samples some 
of the starch was so finely ground as to be extracted as dextrin. 
Fortunately the difficulty is not serious in studies of total re-
serves, since the two fractions may be expected to be equally 
available for re-utilization by the plant. The inclusion of lead-
precipitable gums and non-starch, acid hydrolyzable materials 
as reserves gave, with root samples from one fallowed plot, 
results for total reserves that were 300 percent of the best esti-
mate of the actual value on the assumption that the water-
soluble polyuronide gums do not function as reserves. Certain 
determinations, however, suggest that these polysaccharides 
may be utilized under some conditions. The large water-
soluble polysaccharide fraction, up to 8 percent of the green 
weight of the roots, deserves a more detailed study than has 
been possible in this work. There is no indication that the 
"hemicelluloses" function as reserves in the bindweed root. 
Of the observations on the relation of treatment to reserves 
and to control, two are of particular interest. The rapid and 
nearly complete disappearance of polysaccharides following 
chlorate treatments (table 5 and fig. 5) without a correspond-
ing rise in sugars suggests a destructive oxidation of these 
reserves within the treated roots, probably by a stimulation of 
the respiratory processes of the cells or poss ibly by other 
means. M::>.ny investigators have noted low starch in the roots 
of treated plants and have assigned the effect to an interfer-
renee with photosynthesis in the chlorotic leaves typical of 
treated areas. Such an explanation does not account for the 
rapid losses of polysaccharides without a corresponding de-
crease in nitrogen, observed in these experiments. and the re-
sults suggest that a more detailed study of the effect of chlor-
ate upon the physiology of treated roots should be undertaken. 
The second item of major interest is the slow depletion of 
the reserves from the deeper roots under fallow treatment. In 
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the main experiment (table 5) the polysaccharides of the first 
foot were reduced to minimum levels (about 1 percent) by 3 
weeks of fallowing, the polysaccharides of the second foot did 
not drop below 1 percent until the following spring, and the 
polysaccharides of the deeper roots (table 10) were still 6 per-
cent of the green weight 15 months after starting an intensive 
fallowing treatment. Attempts to eradicate deep-rooted, old 
stands of bindweed by fallowing should, according to these re-
sults, be preceded by preliminary treatments to reduce the re-
serves of these deeper roots. Otherwise it may be necessary 
to clean fallow for three seasons or more to eradicate the 
plants. Data on the reserves of bindweed plants growing un-
der smother crops (table 8) indicate that the usual type of 
smother cropping will be of less value for these preliminary 
treatments than had been anticipated. 
A third item of importance is the sharp overwinter drop in 
reserves and the rapid recovery following new spring growth 
(figs. 3 and 5). This last result is contrary to the data obtain-
ed by Amy (1) for other perennial weeds, and it suggests that 
fallowing treatments for bindweed should start promptly with 
the first growth of the spring to take advantage of the low re-
serve level at this time. Further analyses should be made to de-
termine how much of this drop in reserves is due to respiration 
during the winter and how much to early spring growth which 
had started when our first samples were taken. It would be 
desirable also to know whether there is a corresponding de-
crease in the reserves of the deeper roots. 
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